Abstract. Software games are very popular among children and adolescents and thus they have often been used in educational software research projects to increase motivation of students. However, before educational software games are designed to be targeted to real classroom students there are many questions to be answered concerning the scope of motivation and attractiveness of these games. This paper investigates the extent to which learning can be combined with pleasure and vice versa so that the end users of an educational virtual reality game may gain an enjoyable learning experience. For this reason the likeability of an educational virtual reality game interface has been evaluated both in the school environment and in the home environment of student-users.
Introduction
There is a fast growing industry of software games that are targeted to children and adolescents who are fascinated by these games. Such games are mainly created for pleasure. However, the attractiveness of software games has often been considered as a promising means for the creation of attractive educational software. Indeed, there are many researchers and educators that advocate the use of software games for the purposes of education. Papert [7] notes that software games teach children that some forms of learning are fast-paced, immensely compelling and rewarding whereas by comparison school strikes many young people as slow and boring. As a result, many researchers have developed games for educational purposes (e.g. [5] , [1] , [3] ).
However, there are criticisms about the quality of the existing educational games. For example, Brody [2] points out that the marriage of education and game-like entertainment has produced some not-very-educational games and some not veryentertaining learning activities. Indeed, educational software games aim at serving two distinct aims, which are often conflicting each other: education and entertainment. Both these aims have to be obtained to a satisfactory extent; otherwise the existence of such software becomes pointless. If an educational game is not entertaining then it is neither motivating nor attractive. On the contrary the game environment may become distractive and educationally less effective than other kind of educational software. Thus the likeability of these games has to be examined before one may say that such software can be targeted to large masses of students and be included in school classrooms.
On the other hand, the prevailing preoccupation of students with computers at home is playing games. In contrast, games are not played at school. Mumtaz [6] points out that this has created an enormous gap between home and school perceptions and use of computers by students and that further research needs to examine how to close this gap. Indeed, it would be useful if this gap was closed. Students would have a more positive attitude towards computers at all times both in the school environment and at home. Moreover, education would not look so hard or boring to them. In this respect, educational games can provide a means for closing this gap. However, in order to say that an educational software game serves this purpose well, the likeability of the educational game has to be examined both in school and leisure time conditions.
In view of the above, we have examined the scope of motivation and attractiveness of a virtual reality educational game both in classroom and leisure time conditions. The game is called VR-ENGAGE [8] and teaches students geography.
Description of the educational game and its VR interface
VR-ENGAGE is an educational virtual reality game. The environment of VR-ENGAGE is similar to that of the popular game called "DOOM" [4] , which has many virtual theme worlds with castles and dragons that the player has to navigate through and achieve the goal of reaching the exit. Similarly with DOOM, VR-ENGAGE has also many virtual worlds where the student has to navigate through. There are mediaeval castles in foreign lands, castles under the water, corridors and passages through the fire, temples hiding secrets, dungeons and dragons. The main similarity of VR-ENGAGE with computer games like DOOM lies in their use of a 3D-engine.
The story of VR-ENGAGE incorporates a lot of elements from adventure games. The ultimate goal of a player is to navigate through a virtual world and find the book of wisdom, which is hidden. To achieve the ultimate goal, the player has to be able to go through all the passages of the virtual world that are guarded by dragons and to obtain a score of points, which is higher than a predefined threshold. The total score is the sum of the points that the player has obtained by answering questions. In particular, while the player is navigating through the virtual world, s/he finds closed doors, which are guarded by dragons as illustrated in the example of Figure 1 . A guard dragon poses a question to the player from the domain of geography. If players give a correct answer then they receive full points for this question and the dragon allows them to continue their way through the door, which leads them closer to the "book of wisdom".
As part of the adventure of the game the player may come across certain objects or animated agents. These objects or animated agents appear at random and give hints to students or guide them to tutoring places respectively. In tutoring places, students are encouraged to read a new part of the domain being taught.
Fig. 1. Closed door in a virtual woods world
The user interface of VR-ENGAGE involves the navigation of the player through the virtual worlds using the mouse and the keyboard. In case players are lost in the virtual world they may use a map, which is provided on line.
Aims, settings and parts of the empirical study
For the purposes of finding out the extent to which students would like the educational game, we conducted an empirical study which consisted of two parts and involved students from schools. Both parts involved the same students. The first part was conducted in the environment of school classrooms whereas in the second part students had to use software in the environment of their own homes at leisure time.
More specifically, the empirical study involved in total 50 school children of 11-12 years old from 5 geography classes. The students that participated were selected from each geography class on the basis of their game-playing expertise. For this purpose, all the students of the five classes were interviewed concerning their experience in game playing. For example, they were asked to estimate how long they spend weekly on playing virtual reality computer games. Moreover, they were asked how long they have been familiar with such games, and they were requested to navigate for 5 minutes in the virtual worlds of the commercial game we provided them. As a result, the students were divided into three groups: experienced, intermediate and novice players. Then, some students from each group were selected at random to participate so that there was sufficient representation of all three categories. Indeed, among the participants there were 15 novice, 20 intermediate and 15 expert game players. The novice players were given a short training before they used the game on their own.
School children usually have a preconception of educational means as being totally different from entertainment. In this respect, the first part of the empirical study aimed at finding out how school children would react to an educational game in the settings of a real classroom where an entertaining aspect of education is rather unexpected. Therefore the first experiment took place in school-classrooms. The experiment aimed at estimating the likeability of the VR-ENGAGE interface in comparison to the likeability of educational software that had a simple user interface with no virtual reality and no game at all. This program was a simple window application with forms, menus, buttons, and edits which gave the student the opportunity to read questions and answer them. Also it provided help about the theory examined. The comparison was made in terms of the attractiveness of each of these applications for their end-users.
In particular, all students were asked to play the game at school for about 2 hours. Then, after the 2 hours that all students had used VR-ENGAGE, they were asked to use for another 2 hours an educational software application that had a simple user interface with no virtual reality and no game at all. Then, all the students were given the choice to use for 1 hour either of the two applications (VR-ENGAGE or the simple UI application) to repeat the lessons. We measured the time that the students had spent using each of the applications. Students who had spent more time with VR-ENGAGE were considered to have preferred it over the other kind of educational application. At a first glance, one might consider it obvious that school children would prefer VR-ENGAGE since it would be more amusing. However, in reality it could not be foreseen whether the students who were novice game-players would find playing the game amusing and whether the expert game-players would find VR-ENGAGE interesting enough to bother to play. Finally, students might find the game distractive and thus might prefer the other kind of software for their learning purposes.
The second part of the empirical study aimed at finding out the extent to which VR-ENGAGE could be used by children and adolescents at their leisure time. The underlying rationale of this part of the empirical study was to find out whether VR-ENGAGE could replace other computer games, which did not have any educational value, in the children's preferences for their entertainment. In this way, the children's game culture could be enriched with educationally beneficial games. Moreover, the educational game could be used both at work time and leisure time and thus would have a greater educational impact on children.
In view of the above aims, the likeability of the educational software game interface was compared to the likeability of a popular commercial game that had no educational content. Thus, after the 3 hours that students had spent with VR-ENGAGE in the classroom (2 hours of compulsory use and 1 hour where they had free choice) the same students were given the opportunity to play VR-ENGAGE at home during the weekend. They were also given a popular commercial game to play with. Students were encouraged to play both of these games for as much as they liked but it was also made clear that they did not have to play if they did not want to. After the weekend they were interviewed about how they liked VR-ENGAGE and were asked to state how many hours they had spent for each game.
For each phase of the empirical study we performed 4 t-tests to compare the time spent on VR-ENGAGE and on the respective application that VR-ENGAGE was compared to by: 1) Novice game-players (students), 2) Intermediate game-players (students), 3) Expert game-players (students) and 4) All the students.
In the first phase of the empirical study that was conducted in classrooms we performed 4 t-tests to compare the time spent on VR-ENGAGE and on the application with the simple user interface.
The null hypothesis, H 0, was that there was no difference between the time spent for each of the two applications. The research hypothesis, H 1, was that there was a difference between the time spent for each of the two applications. A summary of the results of the 4 t-tests for correlated samples in classroom comparing the use of VR-ENGAGE and the application with the simple user interface is illustrated in Table 1 and Table 2 . Table 1 illustrates the total minutes spent on each application by each group. Table 2 illustrates the t-values found and the critical values for each t-test. The t-value of each t-test is calculated by performing a t-test for correlated samples for the time spent on each of the applications [9] . The critical value for each t-test is the value taken from Table T for a one-tailed research hypothesis depending on the sample number. Table 1 . Time spent by each group on VR-ENGAGE and on the educational application with the simple UI
Table 2. T-test results for each group
The results of the t-test for the novice game-players have shown that t, 1.99 is greater than the critical value 1.76. Thus, we can reject H 0 and accept H 1 . Therefore novice students prefer to play VR-ENGAGE than to use the simple UI educational application for leisure time at school or to repeat lessons. However, we can see that the difference is not great. This is expected to some extent because novice users have more operating difficulties with a virtual reality system than experienced users and thus they may be put off from the use of the game for this reason. In the case of intermediate game-players t is 2.71, which is much greater than the critical value 1.73. Thus again we can reject H 0 and accept H 1 game players t is 4.76 which is extremely greater than the critical value 1.76. Therefore experienced students almost all the time use VR-ENGAGE. Indeed, the fact that they are expert game players means that they are used to the culture of games and they like it a lot. These users were very pleased to see the games introduced in the classroom. The t-test for the total of game-players (students) showed that the t value is 5.10, which is extremely greater than the critical value 1.68. Therefore students prefer to play VR-ENGAGE than use the simple UI educational application.
Results of the comparative study during users' leisure time
The second phase of the empirical study was based on students' interviews after they had used VR-ENGAGE and a commercial game at their homes. The students' answers to the questionnaires for the interviews were used for t-tests that aimed at showing what the comparison results were. However, the students' answers were also analysed to reveal how students had liked or disliked VR-ENGAGE irrespective of its comparison with a commercial game.
Similarly with the first phase, in the second phase, which was based on the students' likeness of the software when it was played at home, we performed 4 t-tests to compare the hours spent for each kind of software (VR-ENGAGE and a popular commercial game).
The null hypothesis, H 0, was that there was no difference between the time spent for each of the two applications. The research hypothesis, H 1, was that there was a difference between the time spent for each of the two applications. A summary of the results of the 4 t-tests for correlated samples between use of a Commercial Game or VREngage in leisure time at home is illustrated in Table 3 and Table 4 . The t-value and the critical value of each t-test are calculated similarly to section 4 [9] . Table 3 . Time spent by each group on VR-ENGAGE and the commercial game The results of the t-test for the novice game-players have shown that t, 0.56 is much smaller than the critical value 1.76 we can accept H 0 . Therefore novice students do not prefer to play a commercial game more than VR-Engage for leisure time at home. This can be explained because novice users have operating difficulties with virtual reality systems. Thus, they do not enjoy a commercial game more than VR-ENGAGE because the commercial game has a more sophisticated virtual environment, which is more difficult for them to handle. Also the time spent by novice users was the smallest as compared to the other two groups of users as a consequence of these difficulties. The t-test for the intermediate student "game players" has shown that t, 2.08 is greater than the critical value 1.73; thus H 0 is rejected and H 1 is accepted. Therefore intermediate students prefer to play a commercial game more than VR-Engage at home. The t-test for the experienced student "game players" has shown that the t value of 4.05 is extremely greater than the critical value 1.76. Thus we can reject H 0 and accept H 1 . Therefore experienced students almost all the time played commercial games for leisure time at home. We can understand this because commercial games have a more sophisticated gaming environment than VR-ENGAGE and thus seem more amusing to experienced users who seek adventure and amusement. The t-test for all students resulted in a t-value of 3.95, which is extremely greater than the critical value 1.68. Thus, we can reject H 0 and accept H 1 . Therefore students prefer to play a commercial game more than VR-Engage for leisure time at home.
The above t-tests' results were expected to some extent. Indeed, it was almost certain that the commercial game would be more appealing than VR-ENGAGE. This is so because commercial games have very sophisticated virtual environments and can be more challenging in terms of adventure since they do not have to care about educational content. However, we wanted to find out whether our VR-ENGAGE application was anywhere close to the commercial for each of the 4 categories. In this respect VR-ENGAGE needs a lot of improvement so that it may be more competitive to commercial games.
The results from this experiment were quite different from the first one. Since children were not given the game to work with it as an assignment, they considered it merely as a game similar to the commercial games they were familiar with. Therefore their judgment on it focused on the game environment. The students' interviews revealed many interesting comments about what they expected and what they would like. Most of the students (62%) pointed out that the game would be better if it had more virtual objects, more background sounds and more adventure. These comments came to a large extent from experienced game players rather than novice ones. This was due to the fact that most of them were familiar with commercial virtual reality games therefore they compared VR-ENGAGE with them and had higher expectations in this aspect. Some of the students (8%) criticised it for being non-violent. Again, this was probably due to the fact that the culture of commercial VR-games has penetrated the world of adolescents and children in a way that they expect all games to be similar even if this is not good for them. However, although most children had given comments for the enhancement of the entertaining aspect of the game, a very large percentage of them (84%) said that they would like to have this game at their homes and play it at their leisure time together with other computer games they had. This was a very encouraging result. This paper has described and discussed the evaluation of an educational virtual reality game for geography, VR-ENGAGE in terms of the attractiveness and motivation scope that it may have on students. The results from the evaluation showed that students in classrooms would be quite happy to work with a computer game, which represents a more amusing teaching fashion than that of conventional educational software. On the other hand, during their leisure time students would prefer to play a popular commercial game instead of VR-ENGAGE. It was shown that the game environment of the educational game has to be very competitive with commercial games to make the most of its motivation and engagement effects on students. This is so because children are quite familiar with commercial games and therefore they have high expectations from the game environment.
The results from the evaluation have provided some important guidelines for the improvement of educational games. First, the virtual reality environment of VR-ENGAGE has to be enhanced, so that the game is more competitive with other commercial games. Moreover, there has to be more automatic help for the game, so that novice players can play more easily and thus have a more enjoyable experience.
